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Figure 1. Growth of P. auriga larvae fed on rotifers (dotted line) and 
shifted to Artemia at 19, 24 and 29 DAH, respectively (solid lines).
Figure 2.Digestive enzymes activity in P. auriga larvae fed on rotifers 
(dotted line) and shifted to Artemia at different ages (solid lines).
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Materials and methods Rotifers were enriched for 12h with Isochrysis galbana (T-ISO strain). Artemiametanauplii were also enriched for 12h with I. galbana. Nannochloropsis gaditana
and I. galbana were daily added to larval tanks
Larval body dry mass was determined by drying samples of 15–40 larvae at 85ºC to 
constant weight. Enzyme extracts were prepared by homogenisation of pooled whole 
larvae (20mg/ml) in cold distilled water, followed by centrifugation (16000g, 30min, 
4ºC). The concentration of soluble protein in extracts was determined by the 
Bradford method (Bradford, 1976) adapted to microplate wells lecture. Larval 
extracts were assayed for the determination of TR, CH, BAL and AP. TR and AP 
activities were measured at 7.8pH following the methods described in Gawlicka et 
al. (2000). CH activity was determined according to Moyano et al (2005). BAL was 
measured according to Perez-Casanova et al. (2004). 
The rapid digestive development of the gastric glands in P. auriga larvae between 16 days after hatching (DAH) and 30 DAH
(Moyano et al. 2005; Sanchez-Amaya et al. 2007) coincides with high growth rates and fast organogenesis and suggests that high 
energy and nutrient intake may be needed. An early switch from rotifers to more energetic preys such as Artemia seems thus 
adequate. However, high larval mortality usually coincide with feeding Artemia and it is hypothesised that an inadequate digestive 
response to Artemia may occur at certain ages. Trypsin (TR) and chymotrypsin (CH) activities are good indicators of larval 
nutritional status. Alkaline phosphatase (AP) has been associated with the absorption of nutrients and its activity decrease usually 
accompanies the feeding of an inadequate diet. In carnivorous marine teleosts, bile salt-activated lipase (BAL) plays a main role in 
lipid digestion. Present study aimed at revealing digestive enzymes changes associated to the live prey offered to P. auriga larvae 
during a period when high mortality is frequently found under intensive larval rearing conditions.
Introduction
Four replicate 300l larval tanks were performed at 22ºC,
and a permanent illumination on water surface of 800lux. 
The initial larval density was 40 individuals ml-1. From the 
onset of exogenous feeding (3 DAH) until 18 DAH, a 
density of 20 rotifers ml-1 was daily kept. 
At 19 DAH, the following feeding regimes were applied 
until 36 DAH: 
1) Larvae fed B. plicatilis from 19 DAH to 29 DAH.
2) Larvae fed Artemia from 19 DAH to 26 DAH.
3) Larvae fed Artemia from DAH 24 to 31 DAH.
4) Larvae fed Artemia from 29 DAH to 36 DAH. 
Similar growth rates (P>0.05) were found for P. 
auriga larvae under all experimental feeding regimes 
(Figure 1).. Growth was similar to other results 
reported for P. auriga (Prieto et al. 2003). Survival 
was over 90% from first feeding until 19DAH.
Survival was unaffected (P>0.05) by any of the 
experimental feeding regimes used, averaging a 
mean value of 2.1%±1.1 at day 36. Low survival for 
the experimental period indicate that larval rearing 
conditions of P. auriga still need significant 
optimisation, particularly beyond 19 DHA
Results and discussion
The specific activities of TR, CH and AP decreased from 19 DAH to 24 DAH and 
were unrelated to the feeding regime used (Figure 2). BAL activity was the only 
one that increased within this period. 
TR peaked at 27 DAH, and decreased to very low levels after switching to 
Artemia at 24 DAH (Figure 2a). 
CH activity decreased during the experimental period but was not related to any
feeding change (Figure 2c). 
Larvae fed Artemia (24DAH onwards) had a 10-40% higher AP activity (P<0.05) 
than larvae fed rotifers (Figure 2b). 
BAL activity significantly decreased when larvae were fed Artemia from 29 DAH 
(Regime 4) onwards (Figure 2d).
The digestive pattern here described supports the theory about the dependence of fish larval digestive 
enzymes on food characteristics. No specific digestive disfunction could be attributed to larval mortality 
associated to feeding Artemia.
This study was conducted within the Atlantic Arc Aquaculture Group project (European 
Commission, Interreg IIIb, project 091).
Conclusions
Acknowledgements
Present results suggest that internal events are exerting strong influence on digestive enzyme activity
which may mask the triggering effects of the food. 
BAL levels of P. auriga larvae increased when initiating Artemia from 19 DAH, but a reduced activity 
was found when the shift to Artemia was performed in older larvae. Similar results were reported for 
turbot larvae which lipase activity decreased with age and showed a main drop coinciding with the shift 
from rotifers to Artemia (Hoehne-Reitan et al. 2001). A lower lipase activity could be related to a reduced 
dietary content in sterol esters and wax esters (Perez-Casanova et al. 2004). Van der Meeren et al. (2007)
reported rotifers to content 11,6% sterols and wax esters and undetected levels for Artemia.
AP was the enzyme with the higher extent of variation in response to diet changes.  A high enzyme 
activity after three days of shifting rotifers to Artemia and a posterior stabilization was evidenced in P. 
auriga larvae. These results might suggest better food assimilation for Artemia at this time. AP is 
considered to be a general marker for nutrient absorption and its increased presence in the larval intestine 
is associated to more functionally developed enterocytes (Gawlicka et al, 2000). Shifting to feeding 
Artemia caused an opposite response for BAL respecting to that of AP activity, suggesting a preferential 
protein digestion when replacing rotifers by Artemia at certain ages.
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